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Radiation, Arusha

United Republic of Tanzania

A quality assurance programme at the National
Calibration Laboratory for ionizing radiation in
Tanzania is described. The programme focuses
mainly on regular stability check source and
reference output measurements, performance
testing of TLD systems as well as some external
audit checks. It is found that the stability check
source measurements are within ± 1%. Similarly,
the air kerma rate measurements agree well with
calibration uncertainties, that is ± 2% for
protection level measurements and ± 1.5% for
clinical dosimetry. The results of comparison of
dose measurements done on site and those
obtained from some external audit checks are
also within requirements. This shows that the
working standards have been kept with good
care, and that the traceability to the international
measurement system is adequately maintained.
Some examples on calibration transfer activities
are briefly discussed.

INTRODUCTION

In the United Republic of Tanzania, the
regulatory control of ionizing radiation practices
is assigned to the National Radiation Commission
(NRC) [1]. In fulfilling this radiation protection
responsibility, the dose limitation system [2] is in
use to be on an alert against possible trade off.
This practical need prompted the NRC, with
IAEA technical assistance, to establish the
National Calibration Laboratory (NCL) for
Ionizing Radiation in 1991. Since 1992, the NCL
has been a member of the IAEA/WHO Network
of Secondary Standard Dosimetry Laboratories
(SSDLs). The basic aim of establishing this
laboratory was to improve accuracy in radiation
dosimetry in the country. Ever since its
establishment, the laboratory therefore maintains
and applies dosimetric equipment of the present
state of art for the calibration of radiation survey
instruments, output of radiation sources and
installations in the field as may be required. The

laboratory also provides training and advice to the
ionizing radiation users on up-to-date
measurement procedures and techniques. The
accuracy and reliability in the laboratory
measurements are vital; and for this need a quality
assurance programme is implemented to ensure
that the measurements made using the reference
instrument are linked to the international
measurement system with an acceptable level of
uncertainty. This paper presents the results of
quality assurance activities undertaken at the
National Calibration Laboratory for ionizing
radiation in Tanzania.

MATERIALS AND METHODS

CALIBRATION AND DOSIMETRY
EQUIPMENT

The calibration facility at NCL consists of U7Cs
(Ser. No. CD 07607), 60Co (Ser. No. DA 221)
STS calibration sources and a Pantak superficial
x-ray machine, model HF 160 (tube Ser. No.
68665). The available three sources of radiation
can provide a total of eight radiation protection
qualities while two clinical calibration qualities
may be realized using the x-ray equipment. Two
ionization chambers, the protection level, type NE
2575 (Ser. No. 443) and the therapy level, type
NE 2581 (Ser. No. 1057) are available. The
corresponding stability check sources are NE
2576 (Ser. No. 288) and NE 2503/3 (Ser. No.
2622) respectively. The latter check source
belongs to the Ocean Road Cancer Institute
(ORCI) the only radiotherapy centre in the
country which is located in Dar es Salaam. The
electrometer in use is type NE 2570/IB (Sen No.
937). The calibration of each working standard is
traceable to the International Measurement
System through the IAEA dosimetry laboratory.
The calibration of the working standards was
checked against the IAEA's standard in 1996 at
the National Radiation Commission premises. A
quality assurance (QA) programme based on
recommended procedures and the stated
conditions during the calibration of the reference
instrument [3] is described below.

REFERENCE CHECK SOURCE
AND RADIATION OUTPUT
MEASUREMENTS

Reference check source measurements are done
monthly in order to assess the long term stability
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[4], The mean annual reference check source
measurements determined from respective
monthly measurements are of main interest for
chamber stability and are analyzed with respect to
the standard uncertainty limit of ±1%. The output
in terms of air kerma rate with respect to all ten
calibration qualities is also determined monthly in
order to confirm good reproducibility of radiation
beam and hence the calibration stability of the
working standards. The radiation geometry being
employed for 137Cs and 60Co output measurements
is 40 cm field size (FS) at the source to detector
distance (SDD) of 300 cm. For x-rays, the FS of
27 cm and SDD of 200 cm are applicable. The air
kerma rate (Kair) measurements are analyzed with
respect to the uncertainty of ± 2.5% stated in the
calibration certificate. The verification of ISO
4037 reference protection level x-ray qualities is
also done annually and compared to the typical
uncertainty of ±2%. In the case of clinical
dosimetry using 60Co beam, a visit is made to
ORCI at least once a year to undertake the output
measurements of the teletherapy machine, type
AECL Theratron 780 (Ser. No. S-4638). The
output of interest includes air kerma rate and
absorbed dose to water rate (Dw) measurements in
standard geometry. The standard radiation
geometry during air kerma rate measurements is
the source to surface distance (SSD) of 80 cm,
source to chamber distance (SCD) of 85 cm and a
10 x 10 cm2 FS [4,5]. In both cases, the standard
IAEA cubic phantom is employed. The analysis
of the measurements is done with respect to the
stated calibration uncertainty of ± 1.5% for air
kerma rate measurements and ± 2% for absorbed
dose to water rate measurements. Beam scanning,
radiation survey of treatment head and check up
of proper performance of radiation safety devices
are also regularly done at the radiotherapy
hospital.

CALIBRATION OF TLD SYSTEMS
FOR RADIATION PROTECTION
AND ENVIRONMENTAL
DOSIMETRY

The calibration of the available TLD systems
(models 2000 B + C and model 4000 B) are
checked monthly using relevant calibration
reference radiation qualities [6]. The 60 kV,
(0.24mm Cu HVL) x-ray quality is used to
calibrate the TLD system in order to evaluate the
TLDs employed in monitoring the radiation
workers in diagnostic radiology. In the case of
TLDs used for individual monitoring of workers

in radiotherapy, industrial and research
institutions, 137Cs and 60 Co gamma- ray beams
are employed as reference qualities depending on
which type of radiation quality is closer to the
energy of the radiation source in use. Every three
months, the sensitivity of the LiF TLDs are
checked and the calibration curve determined
before using the TLDs. The absorbed dose range
is between the reader detection limit of 0.1 mGy
and 10 mGy. Normally, the individual doses
recorded over three month monitoring periods are
less than 3 mSv [7]. A new project to send the
control dosimeters (exposed and unexposed
TLDs) to selected zonal centres has been started
in order to improve the quality control
programme. The laboratory also provides the
137Cs calibration for the CaFj TLDs employed in
the environmental monitoring of external
radiation. The programme is operated by the
environmental monitoring department in
collaboration with the IAEA and the Global
Environmental Monitoring Network (GERMON).

INTERCOMPARISONS

Since 1996, the laboratory has been participating
in therapy level postal dose checks organized by
the IAEA [8]. The NCL also organizes dose
comparisons on site with ORCI at least once a
year. During this mission, independent air kerma
and absorbed dose water rate measurements are
made and are followed by joint discussions
between the NCL and ORCI dosimetry staff.
Similarly, on site dose comparisons with the
Radiation Protection Board (RPB) of Kenya have
been planned and will be done in Nairobi. With
regard to the protection level dosimetry, the NCL
also arranges postal TL dose checks using the
blind irradiation method and the counterpart is
requested to evaluate them. Three counterparts,
namely SSDL Algeria (1997), SSDL Ghana
(1997) and IAEA (1994) have so far participated
in this exercise. In particular, the national SSDL
in Algeria provided the reference TLD 100
calibration curve on which routine re-calibrations
are based. Formally, the laboratory has
participated in two postal dose checks organized
by the African Cooperative Agreement (AFRA)
(1997) and the IAEA (1998). The results are
expected in the near future. Regular on site dose
comparisons are also planned for radiation
protection dosimetry. Already one protection
level dose comparison has been done with RPB of
Kenya at the NCL premises in 1997.
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RESULTS AND DISCUSSIONS

Figure 1 shows the variability between mean
annual check source measurements normalized to
the measurements previously taken by the IAEA
expert [3] for two ionization chambers from 1991
to 1997. As shown, the mean annual check source
measurement is within the acceptance limit of ±
1%. It is worthwhile to note that the therapy level
chamber was acquired in 1995.
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Fig. 2: Variation of protection level air kerma rate
measurements (reference geometry)

Figure 2 summarizes the air kerma rate
measurements which are well within the
acceptance limit of ± 2 %. The air kerma rate
measurements along the NCL 137Cs beam axis
have also been found to be within ± 2%
(normalized to the air kerma rate at the standard
SCD of 2 m). These results are used to estimate
the uncertainty during the calibration of survey
instruments and TLD dosimeters.

It can also be seen from Figure 3 that the
measurement results are within the acceptance
limit of ±1.5% and ±2% for K^ and Dw

respectively. It is further interesting to note that
the experimentally determined half value layer
(HVL) measurements over the past two years
have been reproducible to within less than 1%
and are therefore within the acceptable
uncertainty. The observed results confirm that the
working standards have been adequately
maintained over the past 5 year period and
therefore the subsequent measurements using the
standards are still traceable to the international
measurement system.

0.975
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Fig. 3: Variation of clinical air kerma and
absorbed dose to water rates (reference
geometry)

Since 1997 to date, clinical dose comparisons
could not be done due to unusual performance
observed with ORCI's ionization chamber, NE
2571 (Ser. No. 2404), which was calibrated
against the IAEA's standard. It is planned to
calibrate the ionization chamber again at the
IAEA.

With respect to calibration transfer aspects, the
laboratory calibrates gamma radiation survey
instruments used all over the country and a few
from neighboring countries. Routine calibration
of TLD systems as described earlier is further
done.

Results from routine calibrations and inter
comparisons show that the uncertainty in
individual doses as evaluated by NRC is about ±
50% [6]. Reference TLD irradiations have also
been provided to the Radiation Protection Board
of Kenya and Victoria hospital in Mauritius. It is
further interesting to note that based on our
experience, the personal dose equivalent
penetrating, Hp(10) for NCL staff is, on average,
less than 3 mSv per year.

With respect to the quality assurance on the TLD
system, the results are also encouraging. Figures 4
and 5 give typical dose and the energy
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dependence of LiF TLDs for indicated radiation
qualities as determined in May 1998.

In practice, the TLD batch non-linearity for 0.1-
10 mGy dose range is found generally to be less
than ± 20%. The energy response of the TLD
batch in use for 33, 48, 65, 83, 100 and 120 keV
relative to 137Cs reference energy is within ± 40%.
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Fig.4: Typical dose dependence of LiF TLDs on
Harshaw 2000B+C TLD system using the l37Cs
gamma ray beam

Comparisons are done between NRC and RPB
and between NRC and ORCI on site. As can be
seen, the performance of the NRC dosimetry
system compares well within ± 2% to the RPB
dosimetry system for K^ measurements and

within ±1.5% and ±2% to the ORCI dosimetry
system.
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Fig. 5: Typical energy response of LiF G-l TLD
(relative to I37Cs)

The 1996 results of IAEA/WHO postal dose
check were -2.1% and -2.5% respectively for each
TLD set (of 3 capsules) irradiated to 2 Gy from a
60Co gamma beam. Table 1 gives the results of
parallel dose.

The results from on site comparisons and external
audit checks provide further support for adequate
consistent measurements.

Table 1: On site comparisons in terms of radiation output measurement between the NCL and the indicated
institutions

Date

Protection level

K air(NRc/K air(RPB)"

Therapy level

Date air(ORCl)* W(ORC1)*

14/10/97

16/10/97

OB 6 OB 2

0.9851

23/3/96

6/11/96

1.0084

0.9980

1.0002

0.9991

#RPB working standard: NE 2570/1A (Ser. No. 874) with NE 2575 (Ser. No. 416) calibrated by IAEA in 1994.

*ORCI working standard: NE 2620 (Ser. No. 271) with NE 2571 (Ser. No. 2404) calibrated by IAEA in 1996.
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Despite the encouraging results, some
improvements are necessary for better results. For
example, the laboratory needs a reference
standard to reduce the frequency for re-
calibrations of the working standard. The
available therapy level standard, which is usually
employed for field work at the radiotherapy
hospital, is at risk with respect to transport
problems that may occur. The recently acquired
standard reference check source for the therapy
level ionization chamber will improve the related
quality assurance programme. Equally important
is the need to upgrade the professional level of
the dosimetry staff for future improved efficiency.

CONCLUSIONS

The quality assurance programme at the National
Calibration Laboratory in Tanzania has been
described. Despite its simplistic form, the results
from this programme show that the respective
recommended acceptance limits have not been
exceeded in the past period. More importantly,
the laboratory measurements compare well with
the measurements done in the external audit
check programme. Some limitations have been
observed, particularly the lack of a reference
standard and the need to upgrade the professional
level of dosimetry staff.
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ANNOUNCEMENTS

FOURTH INTERNATIONAL WORKSHOP ON DOSIMETRY FOR RADIATION
PROCESSING

This workshop is sponsored by ASTM and organized in co-operation with the IAEA. It will be held at the
Bahia ResorfHotel in San Diego, California on October 22-27, 2000.

The objective is to improve the quality of dosimetry through a better understanding of dosimetry principles,
calibration techniques, dosimetry applications (e.g. dose mapping and routine monitoring), and the
determination and understanding of dosimetry uncertainties, all based on standards published by ASTM.
Other standards on process control and quality systems that may have an impact on dosimetry practices will
also be covered.

The workshop format is designed to provide maximum interaction between participants resulting in mutual
benefits for all. Experienced discussion leaders whose primary role will be to facilitate the discussions will
chair the sessions. To encourage openness, neither the opening presentations nor the workshop discussions
will be published. Included will be presentations and round table discussions led by industry experts,
laboratory exercises, irradiator site visits, product demonstrations, and poster sessions.

Details of the workshop may be viewed at http://www.astm.org/COMMIT/CUSTOMl/E10.htm.

MONTE CARLO 2000-ADVANCED MONTE CARLO FOR RADIATION
PHYSICS, PARTICLE TRANSPORTS SIMULATION AND APPLICATIONS

The conference is organized by the Institute Tecnologico e Nuclear (ITN), Ministerio da Ciencia e da
Tecnologia of Portugal, in co-operation with the IAEA. It will be held in Lisbon, Portugal on 23-26 October,
2000.

The conference will gather the major experts worldwide working in the field of Monte Carlo methods and
techniques and their applications for radiation physics and particle transport simulation.

Details of the Conference may be viewed at http://www.itn.pt/Meetings/MC2000 and can also be obtained
from the Dosimetry and Medical Radiation Physics Section, Division of Human Health (IAEA).

INTERNATIONAL SUMMER SCHOOL IN MEDICAL PHYSICS: RELEVANT
TOPICS IN DIAGNOSTIC RADIOLOGY AND NEW TECHNIQUES IN
RADIOTHERAPY

The Summer School is organized by the Latin American Association of Medical Physics (ALFIM) and the
American Association of Physicists in Medicine (AAPM), in co-operation with the IAEA.

The Summer School will be held in Chicago from 17-21 July 2000 (immediately prior to the World
Congress of Medical Physics and Biomedical Engineering, also to be held in Chicago).

Details of the Summer School can be obtained from the Dosimetry and Medical Radiation Physics Section,
Division of Human Health (IAEA).
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COURSES AND MEETINGS TO BE HELD DURING 2000

Training courses in the field of dosimetry and medical radiation physics

- Group Training on calibration procedures, 16-17 March 2000, Vilnius, Lithuania (LAT/1/002).

- AFRA Workshop on maintenance of Co-60 units, 20-26 May 2000, Kenya (RAF/4/014).

- Workshop on calibration procedures in radiation protection and radiotherapy level dosimetry, 24-28 June
2000, Algeria (RAF/9/024).

- Regional Training Course on quality assurance in radiotherapy: physical aspects, Australia (November or
December 2000, dates to be set) (RAS/6/027).

- Regional Training Course on quality assurance in radiotherapy: physical aspects, 18-29 June 2000, Syria
(RAW/6/009-001).

Other meetings

- Third Project Co-ordinators' Meeting, 24-28 January 2000, Santo Domingo, Dominican Republic
(RLA/6/032, ARCAL XXX)

- Research Co-ordination Meeting on radiation therapy dosimetry in developing countries, Vienna,
6-10 November 2000

- Advisory Group Meeting on evaluation of and recommendation on the dosimetry and medical
radiation physics programme, Vienna, 13-17 November 2000

- Research Co-ordination Meeting on transport simulation for photons and electrons in radiotherapy,
organized jointly by DMRP and NAPC, Vienna (dates not yet known)

- Research Co-ordination Meeting on EPR biodosimetry, organized jointly by DMRP, ARBR and
NSRW, Vienna, 25-29 September 2000

- Consultant Meeting on development of methods for radiotherapy dose calculations and
computerized treatment planning systems, Heidelberg, Germany, 23-27 May 2000

- Consultant Meeting on regional education programme in medical radiation physics, Vienna, 5-9
June 2000

- Consultant Meeting on development of procedures for the determination of absorbed dose with
therapeutic photon, electron and proton beams based on measurement standards of absorbed dose
to water, Vienna (dates not yet known)

- Consultant Meeting on development of methods to resolve discrepancies for quality audit
programmes, Vienna (dates not yet known)

- Consultant Meeting on development of techniques for the dissemination of measurement standards
based on absorbed dose to water to SSDLs, Vienna (dates not yet known)

- Consultant Meeting on dosimetry and quality assurance in diagnostic radiology at SSDLs, Vienna
(dates not yet known)
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MEMBER LABORATORIES OF THE IAEA/WHO NETWORK OF SSDLs

Country
ALGERIA
ARGENTINA
AUSTRALIA
AUSTRIA

BANGLADESH
BELGIUM
BOLIVIA
BRAZIL
BULGARIA

CANADA
CHILE
CHINA*
CHINA
CHINA
CHINA
CHINA
CHINA
COLOMBIA
CUBA
CYPRUS
CZECH REP. *
CZECH REP.
CZECH REP.

DENMARK

ECUADOR
EGYPT

FINLAND
FRANCE

GERMANY
GHANA
GUATEMALA

HUNGARY*
HUNGARY
HUNGARY

INDIA
INDONESIA
IRAN
IRAN
IRAQ**
IRAQ**
IRELAND
ISRAEL

KOREA, REP
LIBYA

City
Algiers
Buenos Aires
Menai
Vienna

Dhaka
Gent
LaPaz
Rio de Janeiro
Sofia

Ottawa
Santiago
Beijing
TaiYuan, Shanxi
Shanghai
Beijing
Hong-Kong
Beijing
Santafe de Bogota
Cuidad Habana
Nicosia
Prague
Prague
Prague

Bronshoj

Quito
Cairo

Helsinki
Le Vesinet

Oberschleissheim
Legon - Accra
Guatemala C. A.

Budapest 126
Budapest XII
Paks

Bombay
Jakarta Selatan
Karaj
Teheran
Baghdad
Baghdad
Dublin 14
Yavneh

Seoul
Tripoli

Contact person
Mr. M. Arib
Ms. M. Saravi
Mr. Claudio Tuniz
Mr. H. Stadtmann

Mr. Abdul Jalil
Mr. H. Thierens
Mr. Ismael Villca
Ms. M. de Araujo
Mr. Z. Buchakliev

Mr. R. P. Bradley
Mr. Oyarzun Cortes
Mr. Gan Zeuguei
Mr. Chen Mingjun
Mr. Zhang Limin
Mr. Li Kaibao
Mr. C. L. Chan
Mr. Guo Wen
Mr. H. Olaya Davila
Mr. J. Morales
Mr. S. Christofides
Mr. Kodl
Mr. P. Dryak
Mr.D. Olejar

Mr. K. Ennow

Mr. H. Altamirano
Mr. H. M. Eissa

Mr. H. Jarvinen

Mr. D. F. Regulla
Mr. C. Schandorf
Mr. J. A.Tovar

Mr. I. Csete
Mr. G. Kontra
Mr. M. Orban

Mr. V. V Shaha
Mr. Susetyo Trijoko
Mr. M. Gavahi
Mr. H. Gharaati

Mr. P.A Colgan
Mr. M. Margaliot

Mr. Woong Beom Oyum
Mr Ben Giaber

Fax
+213 264 8842
+54 14800615
+612 971732577
+43 22547802502

+8802-863051
+32 92646699
+592 2433063
+552 14421605
+359 2443114

+1 6139529646
+56 227318723
+86 1444304

+86 2164701810
+86 10 62012501
+852 29586654
+86 19357008
+5713153059
+53 7331188
+357 2369170
+42 2738330
+420 2 67008
+42 267311410

+45 44532773

+59 32253097
+20 23612339

+358 9 75988450

+49 8931873062
+233 21773807
+502 2762007

+36 12120147
+36 11562402
+36 1551332

+91 225560750
+621 217657950
+98 213130676
+98 216428655

+353 12697437
+972 8 9434696

+82 23513726
218213614142

E-mail
crsdec@ist.cerist.dz
saravi@cae.cnea.gov.ar
tuniz@ansto.gov.au
hannes.stadtmann@arcs.ac.at

asmollah@dhaka.agni.com
hubert.thierens@rug.ac.be
ibtn@datacom-bo.net
mmaraujo@ird.gov.br
ivandim@techno-link.com

Robert_Bradley@hc-sc.gc.ca
coyarzun@gopher.cchen.cl

chph@163.net
shouzi@public.east.cn.net
cchan@ha.org.hk
gwenssdl@public.east.cn.net
icasas@tribolite.ingeomin.gov.co
tony@cphr.edu.cu
Cstelios@cytanet.com.cy

iizpraha@cmi.cz
hzackova@smo.cz

klaus.ennow@sis.dk

comecen@suncomecenat.gov,ec

hannu.jarvinen@stuk.fi

regulla@gsf.de

icsete@omh.hu
kontra@oncol.hu

wshaha@apsahra. bare. ernet. in

rpii@rpii.ie

pyunwb@mail.gcc.go.kr
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Country

MADAGASCAR
MALAYSIA
MEXICO

NIGERIA**
NORWAY

PAKISTAN
PERU
PHILIPPINES*
PHILIPPINES
POLAND
PORTUGAL
PORTUGAL

ROMANIA
RUSSIA

SAUDI ARABIA
SINGAPORE*
SINGAPORE
SINGAPORE
SLOVAK REP.
SUDAN**
SWEDEN
SYRIA

TANZANIA
THAILAND*
THAILAND
THAILAND
TURKEY
TUNISIA

URUGUAY

VENEZUELA
VIETNAM

YUGOSLAVIA

City

Antananarivo
Kajang
Mexico, D. F.

Lagos
Osteras

Islamabad
Lima
Diliman, Quezon
Sta. Cruz, Manila
Warsaw
Sacavem
Lisboa

Bucharest
St. Petersburg

Riyadh
Singapore
Singapore
Singapore
Bratislava
Khartoum
Stockholm
Damascus

Arusha
Bangkok
Bangkok
Bangkok
Istanbul
Tunis

Montevideo

Caracas
Hanoi

Belgrade

** Provisional Network members
* SSDL Organization

Contact person

Mr. Andriambololona
Mr. Taiman Bin Kadni
Mr. V. Tovar Munoz

Mr. H. Bjerke

Mr. Salman Ahmad
Mr. Tony Benavente
Mr. E. S. Caseria
Ms. Nieva 0. Lingatong
Mr. Bulski
Mr. A.F de Carvalho
Mr. M. D'Assuncao

Mr. C. Milu
Mr. V. I. Fominych

Mr. A. Al-Haj
Mr. Eng Wee Hua
Mr. S. Chong
Mr. Chua Eu Jin
Ms. V. Laginova

Mr. J-E. Grindborg
Mr. M. Takeyeddin

Mr. W.E. Muhogora
Mr. K. Bhadrakom
Mr. S. Srimanoroth
Ms. W. Thongmitr
Mr. A. Turer
Mrs. L. Bouguerra

Mrs. A.F Furth

Mr. F. Gutt
Mr. Dang Due Nhan

Mr. M. Kovacevic

Fax

+261202235583
+60 3 8258262
+52 53297302

+47 67147407

+92 51429533
+5114885233
+63 9201646
+632 711 6016
+48 26449182
+351 19941995
+351 17266307

+40 13123426
+7 812113 0114

+966 14424777
+ 65 7384468
+65 2262353
+65 2221720
+42 7323711

+46 87297108
+963 116112289

+255 578554
+66 25806013
+66 22234674
+66 25613013
+902125482230
+216 571 630/653

+58 25713164
+8448363958266

+381 11455943

E-mail

official. mail@instn.mg
taiman@ms.mint.gov.my
abv@nuclear.inin.mx

hans.bj erke@nrpa.no

pinstech@paknet2.ptc.pk
tony@ipencn.gob.pe

n.lingatong@hotmail.com
w.bulski@rth.coi.waw.pl

cmilu@pcnet.ro
trof@dosmet.vniim.spb.su

Abdal@kfshrc.edu. sa

sckmipil@pacific.net.sg
euin@sgh.gov.sg
vlaginov@ousa.sk

jan.erik.grindborg@ssi.se

nrtcz@habari.co.tz

siri@dmsc.inoph.go.th

yassars@cnaem.nukleer.gov.tr
sadok.mtimet@rns.tn

fgutt@ivic.ivic.ve

miljoko@rt270.vin.bg.ac.yu

Collaborating organizations associated with the IAEAAVHO Network of SSDLs
International Bureau of Weights and Measures (BIPM)
International Commission on Radiation Units and Measurements (ICRU)
International Electrotechnical Commission (IEC)
International Organization of Legal Metrology (IOML)
International Organization of Medical Physics (IOMP)
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Affiliated members of the IAEAAVHO Network of SSDLs

Bundesamt fur Eich und Vermessungswesen (BEV) Vienna, AUSTRIA
Australian Radiation Laboratory (ARL) Melbourne, AUSTRALIA
National Research Council (NRC) Ottawa, CANADA
Laboratoire de Metrologie des Rayonnements Ionisants (LMRI) Saclay, FRANCE
Physikalisch-Technische Bundesanstalt (PTB) Braunschweig, GERMANY
National Office of Measures (OMH) Budapest, HUNGARY
Ente per le Nuove Tecnologie L'Energia e L'Ambiente (ENEA) Rome, ITALY
Electrotechnical Laboratory (ETL) Tsukuba, JAPAN
Rijks Institut voor Volksgesundheid (RIVM) Bilhoven, NETHERLANDS
National Radiation Laboratory (NRL) Christchurch, NEW ZEALAND
Scientific Research Institute for Physical-Technical and Radiotechnical Moscow, RUSSIAN FEDERATION
Measurements (VNIIFTRI)
Laboratory of Ionizing Radiation, Slovak Institute of Metrology (SIM) Bratislava, SLOVAK REPUBLIC
Centro de Investigaciones Energeticas, Medioambientales y Tecnologicas Madrid, SPAIN
(CIEMAT)
National Physical Laboratory (NPL) Teddington, UNITED KINGDOM
National Institute for Standards and Technology (NIST) Gaithersburg, USA
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